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REACTIVE POLYAMINE CONTAINING BARRIER LAMINATING ADHESIVES AND APPLICATIONS 

Field of th Invention 

The invention relates to polyamine containing coatings having both barrier and adhesive 
properties which are useful in packaging applications. 
Background f the Invention 
5 It is well known that coatings containing silane compounds and itaconic acid improve the gas, 
oil, and flavor barrier performance of organic polymer film substrates. Moreover, the adhesion 
of the coating to the film surface, as well as the improved barrier characteristics provided by 
the silane coating, are greatly enhanced by exposing the coated film to electron beam 
radiation. 

10 A particularly useful barrier composition is described in U.S. Patent No. 5,215,822, which 

teaches a methanol solution of a vinyl benzyl amine silane (Dow Corning Z-6032), itaconic acid, 
and water; coating this solution on a corona treated low density polyethylene film, drying, and 
then subjecting the coated film to electron beam radiation grafts the coating to the film surface 
further improves the barrier properties of the silane coating. However, while this coating gives 

1 5 excellent gas barrier properties at low to moderate relative humidity values, the gas permeability 
increases drastically at very high relative humidity values. 

The present inventors have surprisingly discovered that the combination of a polyamine and an 
ethylenically unsaturated acid gives excellent gas barrier properties at low to moderate relative 
humidity values, as well as excellent gas barrier properties at very high relative humidity values. 

20 The acid group and the amine form an amine salt which imparts excellent barrier properties to 
the composition. The composition may be crosslinked to further improve barrier. 
None of the prior art teaches the present invention. For example, U.S. Patent No. 4,761,435 
claims UV curable polyethylenically unsaturated compositions in combination with a polyamine 
resin, which use an aryl ketone photosensitizer. The '435 patent teaches that acid functionality 

25 in the compositions is undesirable (col. 5, line 24). The patentees indicate that the formation of 
amine salts is to be avoided, because the photosensitizer reacts only with an amine, and not an 
amine salt. This is in contrast to the present invention, which teaches that the formation of acid 
salts is desirable and results in superior barrier properties. 

Another example, U.S. Patent No. 4,943,600, teaches the combination of a tertiary amine 
30 containing resin, allyl terminated resin, and a maleate functional resin. Likewise the patentee 
teaches that the compositions are formulated to minimize or eliminate carboxyl functionality, 
which contrasts directly with the present invention. 

U.S. Patent No. 5,017,406 claims UV curable compositions which contain reactive unsaturated 
compounds, but does not teach the use of a polyamine or an unsaturated acid as does the 

35 present invention. 

JP (Kokai) publication 7-18221 published on January 20, 1995 teaches a surface treatment 
composition for gas barrier comprising an aminosilane and a compound having an aromatic ring 
or hydrogenated ring. The present invention is distinguishable, however, because it does not 
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require the addition of cyclic compounds having an aromatic ring, nor does the reference teach 
the addition of an ethylenically unsaturated acid. 

The present invention is distinguishable from the pri r art because n ne teach th addition of an 
ethylenically unsaturated acid t achieve gas barrier properties, nor do they teach a composition 
5 having both barrier and adhesive characteristics. 
Summary of the Invention 

The present invention relates to a method of laminating two substrates by coating at least one 
side of a substrate with a laminating adhesive, bringing a coated side of said substrate into 
contact with a second substrate to form a three layer film, and treating said three layer film with 
10 a free radical initiator, wherein said laminating adhesive is formed by mixing an ethylenically 
unsaturated acid and a polyamine, wherein said polyamine optionally has a crosslinker reacted 
therein, and wherein said polyamine has four or more A, B, or C units, where: 

A is an -R 2 - N(R 1 ) 2 unit, B is an -R 1 - N(R 2 -)i unit, and C is an (-R2)3N - unit, 

where: 

15 R 1 is independently selected from 

hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, and alkylaiyl, 
and 

R 2 is independently selected from the group consisting of: 

linear or branched alkylene groups or substituted alkylene groups having from 1 

20 to 18 carbon atoms, and arylene groups or substituted arylene groups having 

from 6 to 18 carbon atoms. 
The invention can be used to laminate a variety of substrates for use in packaging applications. 
A composition according to the present invention may be employed to provide a barrier layer 
which improves resistance of the material to transmission of gases and aromas therethrough. 

25 For example, a 30 micron uncoated biaxially oriented, corona treated polypropylene film is 
generally found to have a permeability to oxygen of 1500 cc/m 2 /day as measured at ASTM 
D3985-81 measured at 80% relative humidity. With the present coatings, the oxygen 
transmission rate of the same film can be reduced to less than 250 cc/m 2 /day as measured at 
80% relative humidity. 

30 Description of the Preferred Embodiments 

While the invention is susceptible of embodiment in many different forms there is described 
herein in detail preferred and alternate embodiments of the invention. It should be understood, 
however, that the present disclosure is to be considered an exemplification of the principles of 
the invention and is not intended to limit the spirit and scope of the invention and/ or claims of 

35 the embodiments illustrated. 



Polyaxnines 

The polyamines of the present invention are polymeric, homopolymeric or copolymeric 
polyamines having four or more A, B, or C units, where: 
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A is an -R 2 - N(R 1 )2 unit, B is an -R 1 - N(R 2 -) 2 unit, and C is an (-R 2 ) 3 N - unit, 
where: 

R 1 is independently selected from 

hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, and alkylaryl, 

5 and 

R2 is independently selected from the group consisting of: 

linear or branched alkylene groups or substituted alkylene groups having from 1 
to 18 carbon atoms, and arylene groups or substituted arylene groups having 
from 6 to 18 carbon atoms. 
10 For example, R l or R 2 can be substituted with hydroxyl groups. 

The amines of the present invention preferably have molecular weights of from about 150 to 
about 2,000,000, with about 400 to about 400,000 preferred, and most preferred being from 
about 600 to about 80,000. The high degree of polymerization of the amine provides a lower 
degree of tackiness in the final composition. The lower molecular weight polyamines can be 
15 further polymerized to form higher molecular weight polyamines by methods well known in the 
art, such as by reaction with dialkyl halides (i.e. ethylene dichloride), diisocyanates (e.g. 
tolydiisocyanate, hexamethylene diisocyanate), di(meth)acryiate esters (e.g. hexene diol diacrylate 
pentaerythritol diacrylate), diepoxides (ethylene glycol diglycidyl ether). 
Examples of polyamines useful for the invention include polyvinyl amines, aminofunctionai 
20 polyacryl amides, poly-DADMACs polyvinyl pyrroiidene copolymers, polyethylenimine and the 
reaction product of ethylene diamine and epichlorohydic copolymers. 

A preferred polyamine that can be used to achieve varying degrees of tackiness is the class of 
polyamines referred to as polyalkylenimines, such as polyethylenimine, which is readily available 
in a wide range of molecular weights and different degrees of branching. Polyethylenimines 

25 consist of a large family of water-soluble, i.e. hydrophilic, polyamines of varying molecular weight 
and degree of chemical modification. It is generally known that the polymerization of 
ethylenimine does not result in a polymer that is completely composed of units having a linear 
structure, but also a degree of branching depending on the acid concentration and the 
temperature during polymerization. This degree of branching may, for example, vary between 12 

30 and 38 percent. The formula of polyethylenimine can be represented in the form of A, B, or C 
units, where A is an -R 2 - N(R 1 ) 2 unit, B is an -R 1 - N(R 2 -) 2 unit, and C is an (-R 2 ) 3 N - unit, where 
R* is hydrogen R 2 is an -CH 2 CH 2 - group. The ratio of A to B to C units can be from about 
1:0.5:0.5 to about 1:2:1, but is preferably from about 1:1:1 to about 1:2:1. 
Additional groups may be grafted onto polyethylenimines using methods well known in the art, 

35 to change the affinity of the coating to the substrate, or the adhesive properties. Examples of 
polyethylenimine modification include reaction with ethylene oxide structures (ethylene oxide, 
glycidol) to introduce hydroxyl groups, reaction with cyanide and aldehydes followed by 
hydrolysis to introduce carboxylic acid groups ("Stricken Synthesis"), grafting of phosphoric acid 
or sulfonic acid groups, and grafting of lipophilic alkyl chains using alkalating agents such as 
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dimethyl sulfate. 

Preferred molecular weights of the poiyethylenimine are from about 600 to about 80,000. Most 
preferred molecular weights of the poiyethylenimine are from about 600 to about 25,000. 
Typical polyethylenimines are SZ-6050, a silane grafted poiyethylenimine available from Dow 
5 Corning Toray Silicone (Japan), and SP-103 and SP-1 10 which are 600 and 1000 molecular 
weight polyethylenimines available from Nippon Shokubai, (Japan). 

Ethyienically Unsaturated Acid 

A predetermined quantity of an ethyienically unsaturated acid is also added to the composition. 
By "ethyienically unsaturated acid" it is meant any acid which has vinyl unsaturation. The 
ethyienically unsaturated acid is likely to be added in the amount of up to about 80 parts by 
weight of the composition, with about 5 to about 75 parts by weight being most preferred. The 
most preferred ethyienically unsaturated acid for use in the present invention is itaconic acid; 
however, other acids such as fumaric, maleic, citraconic, acrylic, methacrylic, cinnamic, itaconic 
acid monomethylester, vinylphosphonic acid, sorbic acid, mesaconic acid, and vinyl sulphonic 
acid may be used as well. The term "ethyienically unsaturated acid" as used herein is meant to 
include mixtures of one or more of the aforementioned acids. Preferably, the molar ratio of gram 
atoms of nitrogen in the polyamine to acid groups on the acid is from about 10:1 to about 1:100, 
with about 5: 1 to about 1:10 being preferred and about 2: 1 to about 1:4 being most preferred. In 
fact, the acid can be added to the solubility limit of the ethyienically unsaturated acid, which is 
typically reached in amounts of up to about 80 parts by weight of the composition. 

Solvents 

The components of the present invention can optionally be combined in the presence a solvent. 
25 In general, water, alcohols and blends thereof will serve as suitable solvents because the 

polyamine and the ethyienically unsaturated acid are soluble therein. Another highly preferred 
class of .solvents are ether derivatives of mono or polyglycols, such as mono or polyalkylene 
oxides, which includes solvents like ethylene glycol dimethyl ether. In addition, the selected 
solvent will preferably wet the substrate. Preferably, the solvent should be non-toxic, and will 
-30 not extend the drying time of the coating beyond what is commercially acceptable. The amount 
of solvent can range from about 20 to about 99 parts by weight and is preferably from about 60 
to about 95 parts by weight of the composition. Preferred solvents are methanol, ethanol, n- 
propanol, isopropanol, butanol, and 1-methoxy 2-propanol (available as "Dowanol PM" from The 
Dow Chemical Company, Midland, Michigan). 

35 

Optional Crosslinkers 

While the polyamine and the ethyienically unsaturated acid may be combined to form the 
compositions of the present invention, it is highly preferred that a crosslinker is added to 
improve the barrier properties, reduce dewetting, and improve appearance. It is believed that a 
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higher crosslink density results in these improved properties. As used herein the term 
"crosslinker- 1 is defined to mean an agent which can further chain exiend and/or crosslink the 
polyamine. The crosslinker may be an rgarae crosslinker or more preferably, a reactive silane 
crosslinker, or mixtures thereof. 

Organic CrossJinkers 

While the polyamine and the etnylenically unsaturated acid may be combined alone to form the 
compositions of the present invenuon, it is preferred that a compound be added that will further 
chain extend and crosslink the polyamine chain. It is believed that a higher degree of 
polymerization and crosslinking of the polyamine is desirable to provide improved barrier 
properties and appearance of the barrier coatings of the present invennon. The compounds 
useful to chain extend and crosslink the polyamine chain include, but are not limited to, 
multifunctional achates, methacrylate*, epoxides, isocyanates, thiocyanates, acid halides. acid 
aanyandes. c«cr>, alkyl halidea, aldehyde* or combination* thereof. Specific examples include, 
but are not limited to hexanediol diacrylate. glycidyl methacrylate, emyleneglycoldiglycidyl ether, 
and tolyi diisocyanaite. 

The polyamine can be chain extended and crosslinked e,ther prior to or subsequent to coaung 
the composition on a substrate. Compounds useful to cham extend and crosslink the polyamine 
coating include those materials which will undergo an and catalyzed condensation reaction with 
the nitrogen atom of the polyamine, such as tns-meihylol phenol, aldehydes such as 
formaldehyde and giyoxal, p-benzoqiunone, and mixtures of formaldehyde and active methylene 
compounds that will undergo a Mannich reacnon. 

The ethylenically unsaturated acid can be crosslinked independently of the polyamine by the 
addition of multinincnonal compounds which will copolymerize with the etnylenically 
unsaturated acid. These compounds include multifunctional acrylates and meihacrylates. In 
addition tne ethylenically unsaturated acid may be crosslinked directly into the crosslinked 
polyamine structure by the addition of acrylate and methacrylate functional silane. Tne acrylaie 
and methacrylate functional silane compounds such as acryloxypropyltrimethoxy ailane and 
methacrylc^ypropyjtrimethoxy silane may be added to the compositions of this invention 
subsequent to the ethylenically unsaturated acid to crosslink the polyacid. Hydrolysis and 
condensauon of th« alkoxy or acyloxy groups subsequent to coating will form a polymeric 
^terial with multi functional groups which will copolymerize with the ethylemcally unsaturated 

Z organic crossovers are preferably added in a polyamme/orgamc crosslinker ratio of aocut 
m .l to about X:1Q. with a preferred ratio bemg about 10:1 to about 1:1 and most preferred 
ratio bemg about 5:1 to about 2:1. 

Reactive SilaiM) Crosslinker ... 

: preferred compounds are those which contain both a functional group that wul react 
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with a nitrogen atom on the pojyamine chain prior to addition of the ethylenicaUy unsaturated 
acid to the compositions of this invention, as well as a triaikoxy or triacyloxy silane group which 
will underg hydrolysis and condensation reaction subsequent to coating the composition of the 
present invention utilizing an optional solvent containing water. 
5 Because the silane pardon of the molecule is terminated with hydroxyl or alkoxy groups, it can 
condense with the ajkoxy portion of other silicone terminated molecules to form Si-O-Si groups. 
The Si-O-Si bonds increase the crosslink density of the composition. The reactive silane can 
have the general formula QSiRD(OR)> a) where Q is any group containing one or more aoylaies, 
aldehydes, methacrylates, acrylamides, methacrylamides, isocyanates r isothiocyanates, 

10 anhydrides, epoxide?, acid chlorides, linear or branched halogenated alkyl, and halogenated aryl, 
and £i is 0, 1 , or 2, $nd R Is a group having from I to « carbon atoms. Specifically^ the reacuve 
silane includes molecules such as gamma-aoyioxypropyl trimethoxyailane, gamma- 
methacryloxypropyl trimetoo^silane^-giyrido^ropyl mrncthoxysilane, chloropropyl 
tnmeinoxysilanc, chloropropyl uiethoaysilane, gajnma-isocyanatopropyltriethoxywlane, 

15 vinylmethoxysilane^vinyltrimetho^ysilane, vinyl-iris-(2-e*poxy cyclohexyi) silane, 

cthyltrimeihoxy siiape, chloropropyl tnethoxy silane, chloropropyl ethyldimethoxy silane, 
merhyldimethoxy silane and glyridcacypropyl methyldimethoxy silane. The most preferred 
reactive silanes are chloropropyl trimethoxystiane available from the Dow Corning Corporation as 
32-6076, chloropropyl tnethoxy silane available from the Dow Corning Corporation as SZr6376 

20 and gamma trimethpxysilylpropyl glycidyl ether, available from the Dow Coming Corporauon as 
Z-60*D. It may be necessary to neutralize the polyamine after the reaction of the crossUnker 
therein, such as by adding sodium methoxide and filtering off the resulting precipitate. 
The reacuve silanes are preferably added in a polyamine/reacrive silane weight ration of about 
100:1 to about 1:10, with a preferred ratio being 10:1 to 1:1 and most preferred ratio being about 

25 5:1 to about 2:1. 



Coat Weight 

The coating can be applied in any desired amount, however, it is preferred that the coating be 
applied in an amoupt such that the coat weight is up to about 20 gms/m 3 , the most preferred 
30 coat weight being fipm about 0.5 to about 10 gms/m 3 . Coat weight can be determined by 
gravimetric comparison. The coating can be applied to the substrate by any conventional 
method, such as spray coating, roll coating, slot coating, meniscus coating, immersion coaung, 
and direct, offset, ^nd reverse gravure coaling. 



35 Substrates 

The coating can be disposed on a wide variety of substrates, including, but not limited to 
polyokfins, such a? onented polypropylene (OPP), cast polypropylene, polyethylene and 
polyethylene copolymers, polystyrene, polyesters, such as polyethylene terephthalate (PETl, or 
polyethylene naphthalan (PEN), pojyokfin copolymers, such as ethylene vinyl acetate, ethylene 
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acrylic and and ethylene vinyl alcohol (EVOH), polyvinylakohol and copolymers thereof, 
polyamides, such as-nylon, and MX06, pdyimides, poiyacrylonitrile, polyvinylchloride, polyvinyl 
dichloride, polyvinyHflene chloride, and polyacrylates, ionomers, polysaccharides, such as 
regenerated cellulose, and silicone, such as rubbers or sealants, other natural or synthetic 

S rubbers, glassine or clay coated paper, paper board or craft paper, and metallized polymer films 
and vapor deposited;i»ctal oxide coated polymer films, such as AlO„ SiO*. or TiO». 
The aforesaid substrates are likely to be in the form of a film or sheet, though this is not 
obligatory. The substrate may be a copolymer, a laminate, a coextruded. a blend, a coating or a 
combination of any of the substrates Usted above according to the compaubility of the materials 

10 with each other. In addition, the substrate may be in the form of a ng»d container made from 
materials such as polyethylene, polypropylene, polystyrene, polyamides, PET, EVOH. or 
laminates containing such materials. 

The aforesaid substrates may also be pretreated prior to coating by corona treatment, plasma 
treatment, acid treatments and flame treatments, all of which are known in the art. 
15 in addition, the composiuons of the present invention can be used as bamer layers on a wide 
variety of packaging containers, such as pouches, tubes, bottles, vials, bag-in-boxes. stand-up 
' pouches, gable top canons, thermo-formed trays, brick-packs, boxes, cigarette packs and the 
like. 

Of course, the present invention is not limited to just packaging applications, and may be used 
20 in any application wherein gas, or aroma barrier properties are desired, such as ures. buoyancy 
aides, inflatable devices generally, etc. 

Any of the foregoing. substrates may have primers applied thereon. The pnmers are applied to 
the substrates by methods known in the art such as spray coating, roll coating, slot coating, 
meniscus coating, immersion coatmg, and direct, offset ana reverse gravure coating. Suitable 

25 primers include, but arc not limited to carbodiimide. polyethylcmmine, and sdanes, such as N- 
l 2-aminoethyl)-3-armnopropyltrimethoxy suane and armnopropyltncthoxysilane. 
The most preferred laminate structures are (where Co represents the coating composition of this 
invention!, OPP/Co/OPP, OPP/Co/PE, metOPP/Co/OPP, metOPP/Co/PET, metal oxrie coated 
PET/Co/PE, metal oxide coated OPP/Co/PE, metal oxide coated PET/Co/PP, metal oxide coated 

30 OPP/Co/ PP, and PE/ Co/PE. 



35 



Curing 

The laminates are preferably cured by a free radical generator, such as ultraviolet, electron 
beam or gamma radiation or chemical free radical generators such as azo compounds and 
oeroxuies. tow energy electron beam is the preferred method of curing because it is cheaper 
than gamma sources like Cobalt M-60. Its advantage over ultraviolet radiation as a cure system 
lies in its ability to generate free radicals without photoinitiators. It also imparts higher yields of 
crosslink density and chemical grafting of the coating to the substrate. Electron beam 
accelerators of various types such as van de Graaf-rype. resonance transformer-type. Unear-type, 
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dynaxnatron-type arvi high frequency-type can be used as a source of electron beam. Electron 
beam having energy of from about 5 to about 2000 KeV, preferably from about 50 to about 300 
KeV discharged theisfrom may be irradiated in a dose of from about 0,1 to about 10 Mrads (Mr). 
A most preferred dosage is about 150 KeV of at least 5 Mr. Low electron beajn voltages may be 
5 used if the substrate ia treated in a vacuum. Commercially available sources of electron beam 
are Electrocure CB-J50 available from Energy Sciences, inc. (Wilmington, MA). 
The laminates may slso be ultraviolet light cured if one or more photoinitiators is added prior to 
curing. There are np special restrictions on the phoioiniuators as long as they can generate 
radicals by the absorption of optical energy. Ultraviolet light sensitive photoinitiators or blends 

10 of initiators used inlthe UV cure of the present composition include 2 -hydraxy-2 -methyl- 1- 
phenyl-prapan-l-oqe (Darocure 1173), sold by EM Chemicals, and 2,2 Dunethoxy-2-phenyl- 
acetol-phenone (Irg^cure 651), sold by Ciba-Geigy Corporation, Hawthorne, New Yorlc. For 
purposes of this invention, it has been found that from about 0.05 to about 5 weight percent 
based on the total solids in the composition, of the photoinitiators described therein wiD cause 

15 the composition to cure. 

Other types of free radical generators, known to those skilled in the an may also be employed, 
such as promoted peroxides, azo compounds, etc. 

In addition, other methods of curing may be required if a crosslinker is added to the composition. 
For example if a reactive silane crosslinker is added, the composition may be cured via a 

20 condensation reaction, which requires the presence of moisture. The moisture may be present in 
the coating solution itself, or may be added through steam or in a high humidity oven. The 
reaction may be accelerated though the presence of heat, for example, by heating in an oven at 
temperatures up tp about 140'C, with temperatures of from about 60°C to about 120*C being 
preferred and temperatures of about 90°C to about 1 10°C being most preferred. Heating time is 

25 temperature dependent and the coating will reach tack free time in one to 10 seconds. The 
heating step serves to evaporate the solvent, and accelerate the condensation reacuon between 
silanol groups. The additional cure chemistries required will depend on the pamcular 
crosslinkang systems employed, which are well known in the art. 

The key factor in determining whether a particular formulation is acceptable as a laminate 
30 adhesive is whether the composition exhibits a minimum degree of tackiness. If the laminate 
adhesive is at leas| minimally tacky, then it will fall within the scope of the invennon. The 
tackiness can be af hievc by optimizing the ratios of the components as described above, or by 
adding a tackificr, such as a multifunctional acrylate, 

35 Preferred Embodiment 

In a preferred embodiment of the invention, a quantity of neutralized SZ-6050 is prepared by 
adding 8 parts of « solution of sodium mcthoxide (30% solids in methanol) to 100 pans of 52- 
6050 (50% solids {a isopropyl alcohol(lPA)). 3.68 pans of NaCl arc produced by the 
neutralization and eliminated by centriftagmg the solution. 
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114.7 parts of iiaconic acid arc then added to 100 parts of the neutralized SZ-6050. The 
resulting solution is men diluted with 31.76 parts IPA and 37.26 parts water to obtain a 15% 
solids solution. A wetting agent, Tnton X-100 rX-100') is then added in an amount comprising 
0.1% by weight of trie total composition. 

The solution is then coated onto a corona treated 30 micron thick 'Rayopp" oriented 
polypropylene film from UCB Films and left 10 minutes to dxy at room temperature. A laminate 
is then prepared by applying a second onented polypropylene film on the coated one with a 
roller. The resulting laminate is then cured by EB irradiation at 17QW, lOMrads. Solutions are 
coated on the laramfte to give a coat weight of 4-4.5 g/ra». 

Optional Additives; 

Various optional additives can be added to the compomtion to improve vanous properties as 
required. These addjnves may be added as desired and in any amount as long as they do not 
degrade the performance of the bamer coating* as illustrated herein. Such additives include 
antiblock and slip ajdes. such as stearamide, olemide or polar additives, such as epoxides, 
acrylates methacry}ates, polyols, glycidol, glycdyl methacrylate, ethylene glycol diglycidylether. 
bisphenol A diglyadylether, or polyammes, such as polyethylemmine and other silanea. Wetting 
agents, such as polyethoxylated phenol may also be added. 



20 BsgSBii 



The oxygen permeability values for each film are given in units of cc/ square meter per 24 hours, 
••dry values measured at 0% relative humidity using a MOCOfJ Oxtran Model 100 and "wef 
values at 80-82% relative humidity utilizing a MOCON Model 2/20 MH. The MOCON 
instruments were obtained from Modem Controls Corporation. For comparison, the 
25 polypropylene basefum had a permeability of about I500cc/square meter/ 24 hours. 

In the examples cited below, the PEl was a 700 molecular weight polymer obtained from Aldnch 
Chemical Co. itacotiic and (ITA) was also obtained from Aldnch Chemical Co. "Eccoterge EO- 
j00" was obtained from Eastman Color and Chemical Co. The electron beam was produced by a 
Pilot Elcctrocurtain electron beam machine provided by Energy Sciences. Inc. The onented 
30 polypropylene (OPP| film was obtained from UCB Films. The Z-6040, gamma- 

xrimethoxysilylpropyl glycidyl ether, was obtained from Dow Corning Corporation, Midland. Mi. 
The SZ-6050 is a sjlane grafted polyethylenimine available from Dow Corning Toray Silicone 
Corp (japan), and.was prepared by adding 40.5 parts of a 1000 molecular weight 
polyethylenimine (SP-110, available from Nippon Sholcubai. Japan) to 49.3 parts isopropyl 
35 alcohol men heat* to 80-90 degree* C. Then 10.2 pans of chloropropyltnmethoxy silane were 
added and heated at 80-90 degrees C for two hours. This solution was neutralized with NaMeO. 
then filtered. 

The solutions were coated with a RK coaler and left 10 minutes to dry at room temperature. 
Urinates were then prepared by applying a second film on the coated one with a roller. The 
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resulting laminates were then cured by EB at 170kV, lOMrads or by UV (dose = 1 ImJ /cm 2 ). 
Solutions were coated with a green K-bar that gave a coat weight of 4-4.5 g/m 3 in the same 
conditions (30% solids in IPA). In Table i below, each the molar ratios of compositions and 
methods of preparation are shown. 

5 

Table 1 

Preparation: 

NSZ-6050/ITA (1:23); 1 M7g ITA were added to lOg of a solution of neutralised SZ-6050 in 
isopropyl alcohol (IPA) (45% solids). The resulting solution was then diluted with 3l.76g IPA and 

10 37.26g water to obtain a 15% solids solution. In some cases, where indicated in Table 2, a 

wetting agent, Triton X-100 fX-lOO*) was added after the dilution with water. The wetting agent 
was added in an axuount comprising 0. 1 percent by weight of the total composition. In another 
example, where indicated in Table 2, beta cyano ethyl acrylate (BCEA) was added as an addinve 
in an amount comppsing 10 percent by weight of the composition. The BCEa was added to ine 

1 5 neutralized SZ-6050 prior to the addition of ITA. 

NS2-5050/Z-6076/iTA (1:1:23) lOg of 2-6076 were added to a 50g solution of SZ-6050 (50% 
solids in IPA) to fonp a first solution. 1 1 .7g of itaconic acid were dissolved in 13.4g of IPA and 
I8.9g of water and added to lOg of the first solution. 

20 

P£J(25000)/Z-6040/lTA (1:0.5:581) 0.04g of Z-6040 were dissolved in 88.68g of IPA. 7.77g PEI 
were added. This solution was diluted with 88.68g water, and then 23.49g itaconic acid were 
then added. 

25 P£I(700)/Z-6040/I?A (1:1:16) 2.36g of Z-6040 were dissolved in 50g of IPA and 50g water. 7g of 
700 molecular weight PEI were added to form a first soluuon- 20,8g ITA was then dissolved in 
35.4g of IPA and 3S.4g water, then this solution was added to the first solution. A wetting agent, 
Triton X-100 f X-1Q0") was added after the water. The. wetting agent was added in an amount 
comprising 0. 1 percent by weight of the total composition. 

30 

PEI/ITA (1:581) 7.77g of PEI were dissolved in 88.68g of IPA. This solution was diluted with 
88.68g water, then 23.49g itaconic acid was added. 

S2-6050/ITA (1:16) 5.32g itaconic acid were added to lOg of a solution of neutralized SZ-6050 
35 (30% solids). This Solution is diluted with 23.57g water and 16.57g IPA. 

PEI(700)/GM/ITA (1;0,5:16) 0.l75g glycidyl xnethacrylate were dissolved in 20.18g of IPA. l.75g 
PEI were added. This soluuon was diluted with 20,l8g water. 5.2g itaconic acid were then added. 
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. AM8/Z-6076/ITA (1:0.25:14) 8g of Astramol AM8 (MW 762) were mixed with 2g of Z-6076 in 
lOg IPA, then left 24 hours under reflux at 90C. 1.36g of sodium methoxide (solution 30% in 
methanol) was used to neutralize the 15g of solution, which is then 45% solids in IPA/MeOH 
(l:0.08wt:wt). 2.16g of the solution was diluted with 7.98g water and 6.95g IPA. 1.85g of ITA 
5 was added just before coating to make a final solution of 15% solids in IPA/ Water/ methanol. 
The coat weight was approximately 2.5 g. 

AM8/Z-6076/ITA (1:0.75:14) 8g of Astramol AM8 (MW 762) were mixed with 6g of Z-6076 in 
14g IPA, then left 24 hours under reflux at 90C. 3.31g of sodium methoxide (solution 30% in 
10 methanol) was used to neutralize the 17g of solution, which is then 44% solids in IPA/MeOH 
(l:0.14wt:wt). 2.1 lg of the solution was diluted with 6.25g water and 5.18g IPA. 1.27g of ITA 
was added just before coating to make a final solution of 15% solids in IPA/ Water/ methanol. 
The coat weight was approximately 2.5 g. 

1 5 These solutions were formed into laminate structures of various configurations, as described 
below in Table 2. In Table 2, OPP is corona treated 30 micron thick "Rayopp" oriented 
polypropylene film from UCB Films, metOPP is 30 micron metallized oriented polypropylene also 
available from UCB Films, PE is a 50 micron low density polyethylene film made by Dow Corning 
Corp. having a density of 0.92 and a 2 melt index. The OPET is 12 micron oriented polyethylene 

20 terephthalate, available as Ceramis CTXD from Lawson Martin and the OPPSiOx is 20 micron 
oriented polypropylene coated with SiOx, available as Ceramis CO, also from Lawson Martin. 
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Table 2 

Formulation Substrate Cure Dry OTR Wet OTR Obs. 

(cc/m»day) \ee/m?ixy) 



N<37 ftH^n/TTA M -231+ X-100* 


OPP/OPP 


EB 


10 


8.33 


+ 


MQ7 Afl^O/TTA fl -231 


OPP/OPP 


UV 


Not meas. 


7.8 


+ 


N^r-fin^n/iTA f 1*231 


OPP/metOPP 


EB 


10 


12 


+ 


NQ7-fin^n /TTA f 1-231 + BCEA 


OPP/OPET 


EB 


0.65 


0.81 


+ 


N<3Z-6050/ITA (1:231 + X-100 


OPP/PE 


EB 


88 


8.2 




JNo^-OUDU/iln. ^l.^oj * a-iuu 


PE/PE 


EB 


187 


30 


+ 




OPPSiOx/OPP 


EB 


<0.5 


1.9 


+ 


mq7 ao^o/tta n -9^1 


OPETSiOx/PE 


EB 


<0.5 


<0.01 


+ 




OPP/OPP 


EB 


33 


1.14 


+ 


pttt /9 ^nnrn / 7-6040 / ITA (1-0.5:5811 


OPP/OPP 


EB 


3 


0.73 


+ 


PEI(700)/Z-OU4U/Il/\ (I.I.IO)T A- 


opp/opp 


EB 


4 5 


8.9 


+ 


100 












PEI/ITA (1:581) 


OPP/OPP 


EB 


54 


3.36 


+ 


PEI(700)/GM/ITA (1:0.5:16) 


OPP/OPP 


EB 


6 


2.97 


+ 


SZ-6050/ITA(l:16) 


OPP/OPP 


EB 


2 


26.1 


+ 


AM8/Z-6076/1TA (1:0.25:14) 




EB 


110 


149. 


+ 


AM8/Z-6076/ITA (1:0.75:14) 




EB 


0.7 


77 


+ 



*N is for neutralized. 

** coated on a primed film (Z-6020 is 1% by weight in I? A/ water (1:1) 
5 means excellent adhesion, "-" means poor adhesion. 
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1 . Method of manufactur of a laminate having barrier properties comprising: 
(I) coating at least one side of a substrate with a laminating adhesive; 
5 (II) bringing a coated side of said substrate into contact with a second substrate to form 

a multi-layer film; and 
(III) treating said multi-layer film with a free radical initiator, wherein said laminating 
adhesive is made by mixing an ethylenically unsaturated acid and a polyamine 
optionally having a crosslinker reacted therein, wherein said polyamine has four or 
10 more A, B, or C units, where: 

A is an -R 2 - N(R 1 ) 2 unit, B is an -R 1 - N(R 2 -) 2 unit, and C is an (-R 2 ) 3 N - unit, 
where: 

R 1 is independently selected from 

hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, and alkylaryl, 

15 and 

R2 is independently selected from the group consisting of: 

linear or branched alkylene groups or substituted alkylene groups having from 1 
to 18 carbon atoms, and arylene groups or substituted arylene groups having 
from 6 to 18 carbon atoms. 

20 2. Method according to claim 1, characterised in that the molar ratio of nitrogen atoms on the 
polyamine to the acid groups on the ethylenically unsaturated acid is 10:1 to 1:100. 

3. Method according to anyone of claims 1 or 2, characterised in that the mixture is dissolved 
in a solvent and the .solvent is selected from the group consisting of water, alcohol, ether 
derivatives of mono and poly glycols, and mixtures thereof, and the solvent constitutes 60- 

25 95 parts by weight of the total mixture. 

4. Method according to anyone of claims 1 to 3, characterised in that the ethylenically 
unsaturated acid is selected from the group consisting of itaconic, fumaric, maleic, 
citraconic, acrylic, methacrylic, and cinnamic, itaconic acid monomethylester, 
vinylphosphonic acid, mesaconic acid, sorbic acid, and vinyl sulphonic acid, and mixtures 

30 thereof. 

5. Method according to anyone of claims 1 to 3, characterised in that the ethylenically 
unsaturated acid is a dicarboxylic acid or a monoalkylester thereof. 

6. Method according to anyone of claims 1 to 5, characterised in that the free radical 
treatment of step (III) is initiated by electron beam radiation, gamma radiation or 

35 ultraviolet radiation, optionally in the presence of photoinitiators, or said free radical 
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reaction is initiated thermally in the pr sence of a free radical generator. 

7. Method according to claim 6, characterised in that th electron beam treatment is 
performed at from 5 KeV to 2000 KeV and greater than 0. 1 Mrads. 

8. Method according to claim 7, characterised in that the electron beam treatment is 
5 performed at. 150 kV and at least 5 Mrads. 

9. Method according to anyone of claims 1 to 8, characterised in that the coated substrate of 
step (II) is heated. 

10. Method according to claim 9, characterised in that the coated substrate of step (II) is 
heated in the presence of moisture. 

10 11. Method according to anyone of claims 1 to 10, characterised in that the laminating 
adhesive includes an additive. 

12, Method according to claim 11, characterised in that the additive is selected from the group 
consisting of antiblock and slip aides, polar additives, a silane, an acrylate or methacrylate, 
polyethylenimine, glycidyl methacrylate, glycidol, ethyleneglycol diglycidylether, bisphenol 

15 A diglycidylether and wetting agents. 

13, Method according to anyone of claims 1 to 12, characterised in that the substrate of step 
(II) is treated with a primer. 

14, Method according to claim 13, characterised in that the primer is selected from the group 
consisting of a silane, polyethylenimine, and carbodiimide. 

20 15. Method according to anyone of claims 1 to 14, characterised in that the polyamine is 
polyethylenimine. 

16. Method according to claim 15, characterised in that the polyethyleneimine has a molecular 
weight of in the range of 600 to 25,000. 

17, Method according to anyone of claims 1 to 16, characterised in that the substrate is 

25 selected from the group consisting of polyolefins, including oriented polypropylene (OPP) , 

cast polypropylene, polyethylene and polyethylene copolymer; polystyrene; polyesters, 
including polyethylene terephthalate (PET), or polyethylene naphthalate (PEN); polyoiefin 
copolymers, including ethylene vinyl acetate, ethylene acrylic acid and ethylene vinyl 
alcohol (EVOH), polyvinylalcohol and copolymers thereof; polyamides, including nylon, and 

30 MXD6; polyimides; polyacrylonitrile; polyvinylchloride; polyvinyl dichloride; polyvinylidene 

chloride; polyacrylates; ionomers; polysaccharides, including regenerated cellulose; 
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silicone, including rubbers or sealants; natural or synthetic rubbers; glassine or clay 
coated paper; paper board; craft paper; and metallized films and vapor deposited metal 
oxide coated polymer films, including A10 x , SiO x , or TiO x . 

18. Method according to anyone of claims 1 to 17, characterised in that the second substrates 
used to form the laminate are selected from the group consisting of polyolefins, including 
oriented polypropylene (OPP), cast polypropylene, polyethylene and polyethylene 
copolymer; polystyrene; polyesters, including polyethylene terephthalate (PET), or 
polyethylene naphthalate (PEN); polyolefin copolymers, including ethylene vinyl acetate, 
ethylene acrylic acid and ethylene vinyl alcohol (EVOH), polyvinylalcohol and copolymers 
thereof; polyamides, including nylon, and MXD6; polyimides; polyaaylonitrile; 
polyvinylchloride; polyvinyl dichloride; polyvinylidene chloride; polyacrylates; ionomers; 
polysaccharides, including regenerated cellulose; silicone, including rubbers or sealants; 
natural or synthetic rubbers; glassine or clay coated paper; paper board; craft paper; and 
me ta llized films and vapor deposited metal oxide coated polymer films, including A10 x , 
SiO x , orTiO x . 

19. Method according to anyone of claims 1 to 18, characterised in that a crosslinker is 
■included in the mixture of step (I). 

20. Method according to claim 19, characterised in that the crosslinker is an organic 
crosslinker. 

21. Method according to claim 20, characterised in that the organic crosslinker is selected 
from the group consisting of: multifunctional aciyiates, methacrylates, epoxides, 
isocyanates, thiocyanates, acid halides, acid anhydrides, esters, alkyl halides and 
aldehydes, and mixtures thereof. 

22. Method according to claim 19, characterised in that the crosslinker is a reactive silane 
having the general formula QSiRm(OR)3-m, 

where Q contains a group selected from the group consisting of: acrylates, aldehydes, 
methacrylates, acrylamides, methacrylamides, isocyanates, isothiocyanates, anhydrides, 
epoxides, acid chlorides, linear or branched halogenated alkyl, and halogenated aryl, and 
m is 1 , 2 or 3, and R is a group having 1 to 4 carbon atoms, and the mixture of step I has 
optionally been neutralized. 

23. Method according to claim 22, characterised in that the reactive silane is selected from the 
group consisting of: gamma-acryloxypropyl trimethoxy silane, gamma-methacryioxypropyl 
trimethoxysilane, 3-glycidoxypropyl trimethoxysilane, chloropropyl trimethoxysilane, 
chloropropyl triethoxysilane, gamma-isocyanatopropyltriethoxy silane, vinyltriethoxysilarie, 
vinyltrimethoxysilane, vinyl-tris-(2-expoxy cyclohexyl) silane and ethyltrimethoxy silane, 
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chloropropyl triethoxy silane, chloropropyl ethyldimethoxy silane, methyldimethoxy silane 
and giycidoxypropyl methyldimethoxy silane, and the mixture of step I has optionally been 
neutralized. 

24. Packaging container comprising a multi-layer film integral therewith characterised in that 
the multi-layer film is formed by a method acc rding to anyone of claims 1 to 23. 

25. Packaging container according to claim 24, characterised in that the package is selected 
from the group consisting of a pouch, tube, vial, bottle, bag-in-box, stand-up pouch, gable 
top carton, thermoformed tray, brick-pack, box, and cigarette pack. 



